We report the discovery of eight hot-Jupiter exoplanets from the WASP-South transit survey. WASP-144b has a mass of 0.44 M Jup , a radius of 0.85 R Jup , and is in a 2.27-d orbit around a V = 12.9, K2 star which shows a 21-d rotational modulation. WASP-145Ab is a 0.89 M Jup planet in a 1.77-d orbit with a grazing transit. The host is a V = 11.5, K2 star with a companion 5 arcsecs away and 1.4 mags fainter. WASP-158b is a relatively massive planet at 2.8 M Jup with a radius of 1.1 R Jup and a 3.66-d orbit. It transits a V = 12.1, F6 star. WASP-159b is a bloated hot Jupiter (1.4 R Jup and 0.55 M Jup ) in a 3.8-d orbit around a V = 12.9, F9 star. WASP-162b is a massive planet in a relatively long and highly eccentric orbit (5.2 M Jup , P = 9.6 d, e = 0.43). It transits a V = 12.2, K0 star. WASP-168b is a bloated hot Jupiter (0.42 M Jup , 1.5 R Jup ) in a 4.15-d orbit with a grazing transit. The host is a V = 12.1, F9 star. WASP-172b is a bloated hot Jupiter (0.5 M Jup ; 1.6 R Jup ) in a 5.48-d orbit around a V = 11.0, F1 star. WASP-173Ab is a massive planet (3.7 M Jup ) with a 1.2 R Jup radius in a circular orbit with a period of 1.39 d. The host is a V = 11.3, G3 star, being the brighter component of the double-star system WDS23366−3437, with a companion 6 arcsecs away and 0.8 mags fainter. One of the two stars shows a rotational modulation of 7.9 d.
INTRODUCTION
Hot-Jupiter exoplanets are relatively rare, being found in only ∼ 1% of Solar-like stars. However, since they are the easiest planets to detect they are by the far the commonest type of planet found by ground-based transit surveys such as WASP (Pollacco et al. 2006) . Such planets produce relatively deep transits (∼ 1%) that recur often owing to short orbital periods (1-10 d). A massive planet in a close-in orbit will also produce a radial-velocity signal large enough for verification with relatively small telescopes such as the Swiss Euler 1.2-m and its CORALIE spectrograph. The ease of studying hot Jupiters also makes them important targets for characterisation. As one example, all four instrument teams for the James Webb Space Telescope have chosen WASP107b (Anderson et al. 2017 ) as a GTO target.
The imminent TESS satellite (Ricker et al. 2016) will perform an all-sky transit survey that is expected to find any hot Jupiters transiting bright stars that the ground-based surveys have missed. In the meantime, several ground-based surveys are making ongoing discoveries including HATSouth (e.g. Henning et al. 2018) , KELT (e.g. Johnson et al. 2018) , MASCARA (e.g. Talens et al. 2017) and NGTS (e.g. Bayliss et al. 2017 ). Here we report the latest hot-Jupiter discoveries from the WASP-South transit survey, verified with the Euler/CORALIE spectrograph (e.g. Triaud et al. 2013 ) and with follow-up photometry from EulerCAM (e.g. Lendl et al. 2012) and from the robotic TRAPPIST photometer (e.g. Gillon et al. 2013 ).
OBSERVATIONS
WASP-South is an array of eight cameras that, for the observations reported here, each consisted of a 200-mm, f/1.8 Canon lenses with a 2k×2k CCD, giving a 7.8
• × 7.8
• field. The cameras are all on the same mount, which rasters a set of fields with a typical 10-min cadence, recording stars in the range V = 9-13. Processed photometry is accumulated in a central archive where the multi-year dataset on each star is searched for transits (see Collier Cameron et al. 2007b) . After vetting of all candidates by eye, the best ones are sent for followup observations with TRAPPIST and Euler/CORALIE. The observations for each star are listed in Table 1 . All of our methods are similar to those for previous WASP-South discovery papers (e.g. Hellier et al. 2014; Maxted et al. 2016; Hellier et al. 2017) , and for this reason the presentation here is relatively concise.
SPECTRAL ANALYSIS
We report spectral analyses of the host stars made using the CORALIE spectra. Adopting methods as described by Doyle et al. (2013) , we estimated the effective temperature, T eff , from the Hα line, and the surface gravity, log g, from Na i D and Mg i b lines. We also report an indicative spectral type deduced from the T eff estimates. We report [Fe/H] values determined from equivalent-width measurements of unblended Fe i lines. The errors that we quote for the abundances take into account the uncertainties in T eff and log g. The Fe i lines were also used to estimate the rotation speed, v sin i, after convolving with the CORALIE instrumental resolution (R = 55 000), and also combining with an estimate of the macroturbulence take from Doyle et al. (2014) . Lastly, we report lithium abundance values and corresponding age estimates using (Sestito & Randich 2005) , though such estimates are unreliable. The parameters obtained from the analysis are given in the Tables for each system. Where available we also list parallax values from the GAIA DR1 (Gaia Collaboration et al. 2016 ) and proper motions from the UCAC5 catalogue (Zacharias et al. 2017) .
STELLAR ROTATIONAL MODULATIONS
The WASP photometry can span months of a year with observations on each clear night, and so is sensitive to rotational modulations down to the millimag level. We thus routinely search the photometry of planet hosts using a sine-wave fitting algorithm. We also compute a false alarm probability by repeatedly shuffling the nightly datasets (see Maxted et al. 2011) . For most of the planet hosts in this paper we find only upper limits, but for WASP-144 and WASP-173 we found significant modulations.
SYSTEM PARAMETERS
As we have routinely done for previous planet-discovery papers, we combine the photometric and radial-velocity data sets for each system into one Markov-chain Monte-Carlo (MCMC) analysis, using a code originally described by Collier Cameron et al. (2007a) . Since the CORALIE spectrograph underwent an upgrade in 2014 November we allow for a radial-velocity offset between the datasets before and after the upgrade (for future reference the RV values are listed in Table A1 , where the time of upgrade is marked by a short line). The treatment of limb darkening is crucial to fitting transit photometry, and here we have used the 4-parameter, non-linear law of Claret (2000), interpolating coefficients for the appropriate stellar temperature and metallicity of each star.
On early MCMC runs we allowed the eccentricity to be a free parameter, and for one of our systems (WASP162b) we found a highly significant eccentricity. Where, however, the outcome was compatible with a circular orbit, we then computed results with a circular orbit imposed (this gives the most likely set of parameters, as discussed by Anderson et al. (2012) , essentially feeding in the prior expectation that most hot Jupiters have orbits that have been circularised by tidal forces).
The list of MCMC parameters for the circular-orbit case is Tc (the epoch of mid-transit), P (the orbital period), ∆F (the transit depth that would be observed in the absence of limb-darkening), T14 (duration from first to fourth contact), b (the impact parameter) and K1 (the stellar reflex velocity). The fitted parameters and other values derived from them are listed in a table for each system, along with 1-σ errors (though where no eccentricity is found we quote 2-σ upper limits). Red noise in the photometry could mean that the uncertainties are larger than quoted. For an account of the effects of red noise in datasets similar to those reported here see the analysis of multiple different transit lightcurves of WASP-36b by Smith et al. (2012) .
An additional constraint on the fitting, continuing our practice from other recent discovery papers, comes from stellar models. We first run an MCMC analysis to estimate the stellar density (which can be derived from the transit lightcurve independently of a stellar model). We then use the stellar density and the spectroscopic effective temperature and metallicity to estimate the most likely stellar mass using the bagemass code described in Maxted et al. (2015) , which is based on the garstec stellar evolution code (Weiss & Schlattl 2008) . We then use a resulting stellarmass estimate and its error as a Gaussian-prior input to the final MCMC analysis.
The masses and ages of the stars derived from bagemass are given in Table 2 . The best-fit stellar evolution tracks and isochrones are shown in Fig. 1 .
WASP-144
The discovery photometry and radial-velocity data for WASP-144 are shown in Figs. 2 & 3. We also show the bisector spans, which are a check for transit mimics. The system parameters are listed in Table 3 . WASP-144 is a relatively faint, V = 12.9, K2 star with a metallicity of [Fe/H] = +0.18 ± 0.14. Evolutionary tracks suggest that it could be 8 ± 4 Gy old ( Table 2) .
The WASP data show a possible rotational modulation at a period of 21 ± 1 d with an amplitude of 4-8 mmag (see Fig. 4 ). This is seen independently in data from the seasons 2006 (7 mmag amplitude; false-alarm probability <0.1%), 2011 (4-mmag amplitude; FAP 6%) and 2012 (8-mmag amplitude, FAP <0.1%). The rotational period and fitted radius (0.81 ± 0.04 R⊙) imply a surface rotational velocity of 1.96 ± 0.13 km s −1 , which compares with an observed v sin i of 1.9 ± 1.2 km s −1 . Thus this is likely to be an aligned system (with the stellar spin axis perpendicular to us).
The followup photometry consists of four TRAPPIST transits and one from EulerCAM. The latter was observed in poor conditions with variable seeing, leading to systematic features in the lightcurve that we do not think are astrophysically real. The MCMC process down-weighted this lightcurve in the fitting.
WASP-144b has a mass of 0.44 MJup and a radius of 0.85 RJup and is in a 2.27-d orbit. The radius of Table 2 . Mass and age estimates for the host stars, derived from the bagemass code with garstec stellar models and assuming α MLT = 1.78. Columns 2, 3 and 4 give the maximum-likelihood estimates of the age, mass, and initial metallicity, respectively. Column 5 is the chi-squared statistic of the fit for the parameter values in columns 2, 3, and 4. Columns 6 and 7 give the mean and standard deviation of their posterior distributions. The systematic errors on the mass and age due to uncertainties in the mixing length and helium abundance are given in columns 8 to 11. V mag = 12.9 Rotational modulation:
Stellar parameters from spectroscopic analysis.
Spectral type K2V
+0.18 ± 0.14 log A(Li) < 0.6 Age (Lithium) [Gy] > 0.5
Parameters from MCMC analysis.
0.85 ± 0.05 log g P (cgs) 3.15 ± 0.06
0.0316 ± 0.0005
Errors are 1σ; Limb-darkening coefficients were: 
WASP-145
WASP-145A is a V = 11.5, K2 star, with solar metallicity ([Fe/H] = +0.04 ± 0.10) and an estimated age of 7 ± 4 Gy (Figs. 5 & 6; Table 4 ). WASP-145A has a companion star, WASP-145B, separated by 5.14 ± 0.01 arcsecs with a position angle of -5.04 ± 0.13 degrees, and fainter by 1.407 ± 0.009 mag (as measured by focused EulerCAM images in a z ′ -band filter). It is likely that this star is physically associated with WASP-145A, but this is not certain. The later EulerCAM lightcurve (July 2015) was extracted using an aperture including both stars and this lightcurve was corrected for dilution in the analysis (the other follow-up lightcurves used a smaller aperture containing only the host star).
The planet WASP-145Ab has a 1.77-d orbit and a grazing transit (b = 0.97 ± 0.09), which means that 2 nd and 3 rd contact are not discernable and thus that the planetary radius is not well constrained. We estimate the mass at 0.89 ± 0.04 MJup and the radius at 0.9 ± 0.4 RJup. If the radius were at the lower end of that range it would be abnormally low for a hot Jupiter. The transit depth of 1.1% is typical for a hot Jupiter owing to a relatively small stellar radius of 0.68 ± 0.07 R⊙. V mag = 11.5 Rotational modulation < 2 mmag (95%) UCAC4 pm (RA) 102.6 ± 1.2 (Dec) 4.9 ± 3.4 mas/yr Stellar parameters from spectroscopic analysis.
245 6844.16526 ± 0.00026
0.68 ± 0.07 log g * (cgs) 4.65 ± 0.10 ρ * (ρ ⊙ ) 2.38 ± 0.93
Errors are 1σ; Limb-darkening coefficients were: r band: a1 = 0.703 a2 = -0.734, a3 = 1.472, a4 = -0.630 z band: a1 = 0.765 , a2 = -0.800 , a3 = 1.258, a4 = -0.530
WASP-158
WASP-158 is a V = 12.1, F6 star with a metallicity of [Fe/H] = +0.24 ± 0.15. It is compatible with being an un-evolved main-sequence star with an age estimate of 1.9 ± 0.9 Gy. The planet, WASP-158b, is relatively massive at 2.8 MJup with a radius of 1.1 RJup, and has a 3.66-d orbit ( Fig. 7 ; Table 5 ). WASP-158b is thus very similar to WASP38b (2.7 MJup; 1.1 RJup, in a 6.9-d orbit around an F8 star; Barros et al. 2011 ) and WASP-99b (2.8 MJup; 1.1 RJup, in a 5.8-d orbit around an F8 star; Hellier et al. 2014) . V mag = 12.1 Rotational modulation < 1.5 mmag (95%) UCAC5 pm (RA) 2.4 ± 1.2 (Dec) 0.4 ± 1.2 mas/yr GAIA DR1 parallax: 0.88 ± 0.57 mas Stellar parameters from spectroscopic analysis.
Spectral type F6V
+0.24 ± 0.10 log A(Li) < 1.7 Age (Lithium) [Gy] (close to Lithium gap)
245 7619.9195 ± 0.0010
24.197 ± 0.012 e 0 (adopted) (< 0.16 at 2σ) a/R * 8.0
1.39 ± 0.18 log g * (cgs) 4.30
1.07 ± 0.15 log g P (cgs) 3.75
Errors are 1σ; Limb-darkening coefficients were: V mag = 12.8 Rotational modulation < 1.5 mmag (95%) UCAC5 pm (RA) -0.9 ± 1.0 (Dec) 5.2 ± 1.0 mas/yr GAIA parallax: 1.08 ± 0.24 mas Stellar parameters from spectroscopic analysis.
Spectral type F9
+0.22 ± 0.12 log A(Li) 2.15 ± 0.12 Age (Lithium) [Gy] 2 to 8
245 7668.0849 ± 0.0009
35.160 ± 0.006 e 0 (adopted) (< 0.18 at 2σ) a/R * 5.44
2.11 ± 0.10 log g * (cgs) 3.94 ± 0.04 ρ * (ρ ⊙ ) 0.15 ± 0.02
1.38 ± 0.09 log g P (cgs) 2.82 ± 0.07
Errors are 1σ; Limb-darkening coefficients were: r band: a1 = 0.595, a2 = 0.011, a3 = 0.345, a4 = -0.220
WASP-159
WASP-159 ( Fig. 8 ; Table 6 ) is a fainter, V = 12.9, F9 star with a metallicity of [Fe/H] = +0.22 ± 0.12. It appears to be evolving off the main sequence with a radius of 2.1 ± 0.1 R⊙ and an age estimate of 3.4 ± 1.0 Gy ( Fig. 1 ; Table 2 ). The expanded stellar radius means that the transit depth, at 0.45%, is relatively small for a ground-based discovery, which then implies a fairly bloated planet (1.4 RJup and 0.55 MJup). This is a well-populated region of a hotJupiter mass-radius plot, no doubt in part because bloated planets are easiest to find in ground-based transit surveys. ± 0.05 M⊙) leading to an age estimate of 13 ± 2 Gy. This star may have an inflated radius owing to magnetic activity. This phenomenon can be accounted for to some extent by using models with a lower mixing-length parameter (αMLT).
If we assume αMLT = 1.50 for this star instead of standard value of αMLT = 1.78 from a solar calibration, we obtain a best-fit age of 9.2 Gyr. The planet is massive, at 5.2 ± 0.2 MJup, and is in a relatively long and eccentric orbit (P = 9.6 d, e = 0.43; Fig. 9 ; Table 7 ). The circularisation timescale for such a 
16.824 ± 0.004 e 0.434 ± 0.005 ω (deg) −1.9 ± 2.2 a/R * 17.0
1.11 ± 0.05 log g * (cgs) 4.33 ± 0.03 ρ * (ρ ⊙ ) 0.71 ± 0.07
1.00 ± 0.05 log g P (cgs) 4.33 ± 0.03
Errors are 1σ; Limb-darkening coefficients were: r band: a1 = 0.750, a2 = -0.724, a3 = 1.393, a4 = -0.614 z band: a1 = 0.826 , a2 = -0.863 , a3 = 1.266, a4 = -0.540 I band: a1 = 0.827 , a2 = -0.881 , a3 = 1.376, a4 = -0.598
planet (e.g. eqn 3 of Adams & Laughlin (2006) , and assuming QP ∼ 10 5 ) would be of order 30 Gyr, and so the eccentricity is compatible with the old age of the star. Given the transit, the probability that there is also an occultation of the planet (using eqn 2 of Kane & abundance of log A(Li) 2.93 ± 0.12 indicates an age of < 1 Gy, though we consider this less reliable. The planet has a 4.15-d orbit. Of the three follow-up transit lightcurves, note that the EulerCAM transit was observed simultaneously by TRAPPIST. These all show a grazing transit with a high impact factor (b = 0.97 ± 0.05). As with WASP-145Ab, this means that the 2 nd and 3 rd contact are not discernable and thus that the planetary radius is not well constrained. Nevertheless, the estimates give a bloated planet with a mass of 0.42 ± 0.04 MJup and a radius of 1.5 
50.460 ± 0.003 e 0 (adopted) (< 0.09 at 2σ) a/R * 9.59
1.12 ± 0.06 log g * (cgs) 4.37 ± 0.05 ρ * (ρ ⊙ ) 0.77 ± 0.14 T eff (K) 6000 ± 100
0.12 Parameters from MCMC analysis.
245 7032.2617 ± 0.0005
0.2206 ± 0.0020
1.91 ± 0.10 log g * (cgs) 4.05 ± 0.05 ρ * (ρ ⊙ ) 0.21 ± 0.04
0.47 ± 0.10 R P (R Jup )
1.57 ± 0.10 log g P (cgs) 2.64 ± 0.11 ρ P (ρ J ) 0.12 ± 0.04 a (AU) 0.0694 ± 0.0011
Errors are 1σ; Limb-darkening coefficients were: Table 9 ). The large stellar radius (1.9 R⊙) leads to a small transit depth of 0.7% and thus a ground-based survey would struggle to have detected the planet if it were not bloated. Thus, while highly irradiated hot Jupiters around hot stars are often found to be bloated one has to be careful with observational biases in constructing such samples. WDS23366−3437 (Mason et al. 2001) . The two components have V = 11.3 and 12.1 and are separated by 6 arcsecs. Given the GAIA parallax of 4.34 ± 0.61 mas this amounts to a separation 1400 ± 200 AU. Our spectral analysis suggests a type of G3 and a metallicity of +0.16 ± 0.14 for WASP-173A (we do not have spectra of the companion). The age estimate is 7 ± 3 Gy. The WASP data show a rotational modulation at a period of 7.9 ± 0.1 d (Fig. 16) . It is seen independently in three seasons (2006, 2007, 2011) , with false-alarm probabilities of <0.1% in two of them. The amplitude ranges from 6 to 15 mmag. Given the 14-arcsec pixels of WASP data we cannot tell which of the two stars is producing the modulation, but the amplitude suggests that it is more likely to be the brighter component, WASP-173A (note that the quoted amplitude has not been corrected for dilution). The follow-up transit lightcurves with EulerCAM and TRAPPIST used a smaller aperture containing only WASP-173A.
WASP-173Ab is a massive planet (3.7 MJup) in a closein, circular orbit with a period of 1.39 d. The radius is 1.2 RJup. Given the stellar radius of 1.11 ± 0.05 R⊙ the rotation period implies a surface velocity of 7.15 ± 0.35 km s −1 . This compares with the measured v sin i of 6.1 ± 0.3 km s −1 . This suggests that the spin axis might not be fully perpendicular to us, and thus that the planet might be in a moderately misaligned orbit. This system may be a worthwhile target for an observation of the Rossiter-McLaughlin effect.
CONCLUSIONS
With regards to atmospheric characterisation the most promising of the new targets presented here is WASP-172b. This is a bloated, low-mass hot Jupiter (0.47 MJup; 1.57 RJup) transiting a relatively bright star at V = 11.0. The atmosphere is also predicted to be hot (1740 ± 60 K) owing to the hot, F1 host star. Other bloated planets in this batch are WASP-159b, but that has a fainter host with V = 12.9, and WASP-168b, which has both a fainter host with V = 12.1 and a grazing transit making it harder to parametrise. WASP-144b is notable for being un-bloated (R = 0.85 ± 0.05 RJup). WASP-145b may also be unusually small for a V mag = 11.3 Rotational modulation: P = 7.9 ± 0.1; 6-15 mmag amplitude UCAC5 pm (RA) 88.1 ± 0.8 (Dec) -8.3 ± 0.8 mas/yr GAIA parallax: 4.34 ± 0.61 mas Stellar parameters from spectroscopic analysis.
Spectral type G3
245 7288.8585 ± 0.0002
0.0957 ± 0.0007
1.05 ± 0.08 R * (R ⊙ )
1.11 ± 0.05 log g * (cgs) 4.37 ± 0.03 ρ * (ρ ⊙ ) 0.76 ± 0.08
3.69 ± 0.18 R P (R Jup )
1.20 ± 0.06 log g P (cgs) 3.77 ± 0.04
2.14 ± 0.28 a (AU) 0.0248 ± 0.0006
Errors are 1σ; Limb-darkening coefficients were: r band: a1 = 0. 673, a2 = -0.360, a3 = 0.893, a4 = -0.448 z band: a1 = 0.754, a2 = -0.625 , a3 = 0.957, a4 = -0.442 V band: a1 = 0.602, a2 = -0.228 , a3 = 0.902, a4 = -0.459 hot Jupiter, but this is uncertain owing to the transit being grazing. Three of the planets reported here are relatively massive, WASP-158b at 2.8 MJup, WASP-173Ab at 3.7 MJup, and WASP-162b at 5.2 MJup. Such planets are relatively less common. Before this paper, only 21 transiting hot Jupiters were known with masses in the range 2.5-6 MJup compared to 205 in the range 0.5-2.5 MJup. Of the three new massive planets, only WASP-162b has a significant eccentricity (e = 0.43).
Two of the planets reported here (WASP-145Ab and WASP-173Ab) are in double-star systems.
Lastly, our results show that the combination of WASPSouth, CORALIE and TRAPPIST continues to be a productive team for discovering hot Jupiters transiting stars of V < 13. 
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